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CATALYST SYSTEM OF ENHANCED PRODUCTIVITY & ITS USE IN 
POLYMERIZATION PROCESS 

Background of the Invention 

5 1. Field of the Invention 

This invention relates generally to the use of Group 13 element compounds 
to improve the productivity of ionic transition metal catalyst systems. More 
specifically the invention relates to the use of a Group 13 element organometalltc 
compound as additive to an ionic mono(cyclopentadienyl)/heteroatom transition 

10 metal olefin polymerization catalyst system. These catalyst systems have enhanced 
productivity over similar catalysts, in the absence of Group 13 compounds, for the 
polymerization of unsaturated monomer, e.g., olefinically unsaturated monomers 
such as ethylene, other ethylenically unsaturated olefins or olefinic species, 
diolefins, cyclic olefins, ethylenically unsaturated non-cyclic non-conjugated 

15 polyenes, cyclic non-conjugated polyenes, and acetylenically unsaturated 
monomers or combinations thereof, to form polymers such as polyolefins having 
narrow molecular weight distributions. 
2. Background 

Ziegler-Natta type catalysts for the polymerization of olefins are well 

20 known. The traditional Ziegler-Natta type systems comprise a metal halide 
activated to a catalyst species by reaction with a metal alkyl cocatalyst, particularly 
an aluminum alkyl cocatalyst. The activation of these traditional heterogeneous 
Ziegler-Natta catalysts generates a variety of different active sites. As a 
consequence of this non-uniformity of the active sites, the catalysts produce 

25 polymer products of broad molecular weight distribution (MWD). In many 
application, this broad MWD is undesirable. Furthermore, the polymer products 
exhibit relatively poor composition distribution (CD), comonomer incorporation 
and sequence distribution. 

Also known are catalyst systems comprising a bis(cyclopentadienyl) ("Cp") 

30 transition metal and a compound cocatalyst. Such bis Cp transition metal 
compounds, in the presence of activators catalyze the polymerization of olefin 
monomers to polyolefins. Bis (Cp) transition metal compounds of the Group 4 
metals, particularly of titanium and zirconium, have been used. When such 
transition metal components are cocatalyzed with an aluminum alkyl - the 

35 cocatalyst used with traditional Ziegler-Natta catalysts - the catalytic activity is 
generally too a low for commercial applications. 
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US-A-5055438 (Exxon), incorporated herein by reference, EP-A-420436 
(Exxon), WO 91/04257 (Exxon) and EP-A-416S15 (Dow) describe a class of 
catalysts having a single cyclopentadienyl ring ligand and a heteroatom bonded to 
the metal atom, and their use in conjunction with alumoxanes. Similar catalyst 

5 systems are taught in US-A-5064802 (Dow), incorporated herein by reference, EP- 
A-4 18044 (Dow) and WO 92/00333 (Exxon), but having a non-coordinating anion 
as activating cocataiyst. Here the catalyst system is prepared as a reaction product 
of a mono(cyclopentadienyl) heteroatom metal compound and an ionic activator 
compound. Such catalyst systems referred to as an "ionic mono (Cp)/heteroatom 

10 transition metal catalyst" or an "ionic mono(Cp) catalyst" permits the production of 
polyolefin products of narrow MWD at high rates of catalytic activity with good 
incorporation of comonomers and control of the chain end chemistry of the 
polymer products. 

WO-A-91/14713 (Exxon) describes bis-(Cp) transition metal components 

15 activated by non-coordinating catalysts wherein Group III-A element compounds 
are used to neutralize impurities that might otherwise inactivate the catalyst 
systems during polymerization processes. Preferred Group III-A element 
compounds are the lower-alkyl substituted Group III-A element compounds of 
trimethyl aluminum and triethylaluminum. WO-A-93/14132 (Dow), published after 

20 the priority date of this application, describes mono-(Cp) transition metal 
components activated by non-coordinating catalysts wherein alumoxane 
compounds are used to resist impurities and presents a comparative example E 
using triethyl aluminum instead of a alumoxane compound which is stated to 
illustrate the principle that trialkyl aluminums are not effective for poison removal 

25 when used with the mono-(Cp)/non-coordinating ion catalyst systems. 

Since mono-(Cp) transition metal compounds have different chemical 
structure than the bis-(Cp) transition metal compounds, e.g., a heteroatom ligand 
of the mono-(Cp) compound replaces one of the bis-(Cp) ligands of the bis-(Cp) 
compound, they can be more unstable, more subject to the affect of catalyst 

30 poisons and more reactive with acidic Lewis base metal compounds used to 
neutralize poisons. Reaction with either of poison or neutralizing compound can 
inhibit the catalytic activity of the mono-(Cp) transition metal catalysts systems. 
Further it is known that alumoxane used in excess of that necessary to activate 
known bis-(Cp) transition metal catalysts systems can neutralize poisons, thus in 

35 systems using non-coordinating ionic compounds as activators - not alumoxane 
compounds - other compositions to neutralize poisons are needed. Therefore 
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there is a desideratum for an additive effective for use during polymerization to 
neutralize impurities contained in the polymerization medium without affecting the 
ability of these ionic mono (Cp) catalysts to produce polyolefm products. 
Summary of the Invention 
5 This invention provides a catalyst system comprising an ionic mono (Cp) 

transition metal catalyst and an additive which neutralizes deactivators of the ionic 
catalyst active sites. More specifically, the invention provides a catalyst system 
comprising a mono(cyclopentadienyl)heteroatom Group 4 transition metal catalyst 
activated by an ion exchange reagent, and as a third or additive component, an 

10 organometallic compound preferably a Group 1 3 element organo compound. The 
presence of the specified additive neutralizes those impurities capable of 
deactivating the active catalytic sites of the ionic mono (Cp) catalyst, so providing 
a catalyst system which generally has greatly improved productivity without 
significantly affecting molecular weight or extent of comonomer incorporation. 

15 The ionic mono (Cp) catalyst component of this invention comprises a 

complex having (i) a cationic portion derived from a Group 4 transition metal 
compound having a single delocalized substituted or substituted pi-bonded moeity 
bound in an n^ bonding mode to the metal, and a heteroatom-containing moeity 
bonded to the metal through the heteroatom; and (ii) an anionic portion which is a 

20 non-coordinating compatible anion of a Bronsted acid salt. Such catalyst 
components are described in WO 92/00333. Thus the catalyst component may 
comprise derivatives of a Group 4 transition metal compound containing at least 
one ligand which will combine with an activator component or at least a portion 
thereof, such as a cation portion. The activator component of the catalyst, of 

25 which there may be more than one, is an ion-exchange compound comprising a 
cation which will irreversibly react with at least one ligand contained in said 
transition metal compound and an anion which is a single coordination complex 
comprising a plurality of lipophilic radicals or a plurality of boron atoms, covalently 
coordinated to and shielding a central formally charge-bearing metal or metalloid 

30 atom. The anion is bulky, labile and stable to any reaction involving the cation of 
the activator component. The charge-bearing metal or metalloid may be any metal 
or metalloid capable of forming a coordination complex which is not hydrolyzed by 
aqueous solutions. Upon combination of the mono (Cp) component and activator 
component, the cation of the activator component reacts with one of the ligands of 

35 the mono (Cp) component. That anion is compatible with, and noncoordinating 
toward, the metal cation formed from the mono (Cp) component. It is important 
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that the anion of the activator compound be capable of stabilizing the transition 
metal cation complex without interfering with the ability of the transition metal 
cation or its decomposition product to function as a catalyst, and further that it be 
sufficiently labile to permit displacement by an olefin, diolefm, acetyl en ically 
5 unsaturated monomer, or other polymerizable species, during polymerization. The 
selection of suitable mono (Cp) transition metal component(s)-activator pairs to 
produce ionic catalyst systems is dealt with in EP-A-0277003, EP-A-0277004 and 
WO 92/00333. 

The additive component of the catalyst system is a Group 13 element 

10 compound such as a hydrolyzable Lewis acid which is able to neutralize impurities. 
These impurities include moisture or oxygen which reduce the activity of the ionic 
metallocene catalyst component. 
Detailed Description of the Preferred Embodiments 

The polymerization process of this invention may be practiced with that 

15 class of ionic catalysts as described in EP-A-0277003, EP-A-0277004, PCT WO 
92/00333 and US Patent 5,153,157. The ionic catalysts of the subject invention 
may be used in conjunction with a Group 13 organometallic additive to achieve 
enhanced productivity. 

The ionic catalyst is prepared by combining two components. The first of 

20 these contains at least one cyclopentadienyl derivative of a Group 4 transition 
metal compound containing at least one ligand which will combine with the second 
component or at least a portion thereof such as a cation portion thereof. The 
second component is an ion-exchange compound comprising a cation which will 
irreversibly react with at least one ligand contained in said Group 4 transition metal 

25 compound and a noncoordinating anion which is bulky, labile, and stable. Upon 
combination of the first and second components, the cation of the second 
component reacts with one of the ligands of the first component, thereby 
generating an ion pair consisting of a transition metal cation and an anion; the 
cation is such that the metal center is in its highest formal oxidation stage (d°) and 

30 a total formal charge of at least +1 on the transition metal center. For a Group 4 
metal, it is desirable to have a formal coordination number of 3 and a valence of 
+4.. The aforementioned anion is compatible with and non-coordinating towards 
the metal cation formed from the first component. The anion of the second 
compound must be capable of stabilizing the metal cation complex without 

35 interfering with the metal cation's or its composition product's ability to function as 
a catalyst and must be sufficiently labile to permit displacement by ethylene, other 
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ethylenically unsaturated olefins or olefmic species, diolefins cyclic olefins, 
ethylenically unsaturated non-cyclic non-conjugated polyenes, cyclic non- 
conjugated polyenes, or an acetyl enically unsaturated monomer during 
polymerization. 

5 While comonomer insertion is high with these catalysts, it is remarkably 

easy, when they are employed to produce particularly ethylene-propylene 
copolymers, having greater weight average molecular weights at comparable or 
narrower molecular weight distributions than polyolefin products obtainable with a 
similar transition metal system which is activated by an aluminum trialkyl or 

10 alumoxane cocatalyst. 

This invention provides for the use of certain Group 13 element compounds 
in catalyst systems comprising an ionic transition metal catalyst. Such a system 
may be employed, with appropriate selection of catalyst species and additive 
species, to yield an enhanced productivity, without significant adverse effects on 

15 the advantageous properties of the polymer product producible with such ionic 
catalyst. When employing the catalyst system as described a reduced concentration 
of ionic catalyst to produce polyolefins, may be needed as compared to use of a 
like catalyst without the additive. This appears to occur through a reduction of the 
neutralization of the active catalyst by adventitious impurities or alternatively 

20 expressed, though, the apparent "scavenging" activity of the Group 13 additive. 
The catalyst system of the subject invention comprises: 
(a) a reaction product of 

(i) at least one Group 4 transition metal compound and bonded 
to the metal atom: 

25 (1) a mono cyclopentadienyl ligand or polycyclic 

derivative thereof, 

(2) one Group 15 or 16 heteroatom ligand, and 

(3) at least one other ligand, 

(ii) an activator comprising 

30 (1) a cation which will irreversibly react with at least one 

ligand of the metal compound, and 
(2) a labile, bulky, non-coordinating anion which is a 
single coordination complex having a plurality of 
lipophilic radicals covalently - coordinated to, and 

35 shielding, a central charge-bearing metal or metalloid 

atom, or a plurality of boron atoms; and 
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(b) an organometallic additive compound. 

The bulk of the anion is such that upon reaction of the cation with a ligand 
of the metal compound whereby a Group 4 transition metal cation is formed, the 
anion is sterically hindered from covalently coordinating to the transition metal 
5 cation by an unsaturated hydrocarbon having a Lewis base strength at least equal 
to ethylene. The activator component is a non-coordinating anion of a Bronsted 
acid salt. This invention also comprises a polymerization process using the catalyst 
system. 

A. Metallocene Component of the Ionic MetaDocene 

10 Catalyst 

The Group 4 transition metal compounds, useful as the first component of 
the catalyst system employed in the process of this invention are 
mono(cyclopentadienyl) derivatives of titanium, zirconium or hafnium. In general, 
such useful titanium, zirconium and hafnium compounds may be represented by the 

15 following general formulae: 



20 



25 



30 
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wherein: 

M is a Group 4 metal; 

(C5H5-y. x Sx) is a cyclopentadienyl ring substituted with from zero to five 
R radicals; 

5 x is from 1 to 5 denoting the degree of substitution; 

each S substituent is, independently, a radical group which is a hydrocarbyl, 
substituted hydrocarbyl, halocarbyl, substituted halocarbyl, hydrocarbyl-substituted 
organometalloid, halocarbyl-substituted organometalloid radical, di substituted 
boron, disubstituted pnictogen, substituted chalcogen, or halogen or any two 
10 adjacent S groups are joined forming a C4 to C20 ring to give a saturated or 
unsaturated polycyclic cyclopentadienyl ligand; 

(JSz-l-y) is a heteroatom ligand in which J is an element from Group 15 of 
the Periodic Table of Elements (as described in Chemical and Enginee ring News. 
63(5), 27, 1985) with a coordination number of 3 or an element from Group 16 
15 with a coordination number of two; S' is a radical group which is a hydrocarbyl, 
substituted hydrocarbyl, halocarbyl, substituted halocarbyl, hydrocarbyl-substituted 
organometalloid, or halocarbyl-substituted organometalloid radical; and 2 is the 
coordination number of the element J; 

X] and X2 are, hydride radicals, hydrocarbyl radicals, substituted 
20 hydrocarbyl radicals, halocarbyl radicals, substituted halocarbyl radicals, and 
hydrocarbyl- and halocarbyl-substituted organometalloid radicals, or are joined and 
bound to the metal atom to form a metallacycle ring containing from about 3 to 
about 20 carbon atoms; 

y is 0 or 1 ; when y is 1 , T is a bridging group; 
25 L is a neutral Lewis base; 

w is a number from 0 to 3 . 

Illustrative, but non-limiting examples of X radicals include hydride, methyl, 
ethyl, phenyl, n-propyl, isopropyl, n-butyl, t-butyl, amyl, isoamyl, hexyl, 
cyclohexyl, heptyl, m-tolyl, p-tolyl, trifluromethyl, tetramethylene and 
30 pentamethylene (both X\ and X2), trimethylsilyl, triphenylsilyl, and 
tris(trimethylsilyl)methyL 

Illustrative, but non-limiting examples of T include dimethylsilyl, 
diethylsilyl, di-n-propylsilyl, dicyclohexylsilyl, diphenylsilyl, methylphenylsilyl, di(p- 
tolyl)silyl, cyclotetraamethylenesilyl, cyclopentamethylenesilyl, dimethylgermyl, 
35 diphenyl-germyl, phenylamido, t-butylamido, methylphosphido, phenylphosphido. 
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methylene, dimethylmethyiene, diphenyl-methylene, ethylene, 1 ,2-dimethyIethylene, 
1,1,2,2-tetramethylethylene, propylene, and tetramethyl-disiloxane. 

Illustrative but non-limiting examples of cyclopentadienyl and substituted 
cyclopentadienyl ligands include cyclopentadienyl, methylcyclo-pentadienyl 1,2- 

5 dimethylcyclopentadienyl, 1,3-dimethylcyciopentadienyl, 
tetramethyl cyclopentadienyl, pentamethylcyclopentadienyl (when y=0) n- 
butylcyclopentadienyl, t -butyl cyclopentadienyl, cyclohexylmethyl-cyclopentadienyl, 
phenylcyclopentadienyl, trifluoromethylcyclopentadienyl, indenyl, 

tetrahydroindenyl, fluorenyl, methylfluorenyl, octahydro fluorenyl, tri- 

10 methylsilyl cyclopentadienyl, trimethylgermylcyclopentadienyl, 
dimethylaminocyclopentadienyl, diphenylphosphinocyclopentadienyl, and 
iodocyclopentadienyl. 

Illustrative but non-limiting examples of (JS'x-l-y) groups include 
methylamido, ethylamido, n-butylamido, t-butylamido, phenylamido, p-tolylamido, 

15 pentafluorophenylamido, cyclohexylamido, methylphosphido, 

cyclohexylphosphido, phenylphosphido, and, when y=0, oxo, sulfido, methoxy, 
phenoxy, phenylthio, and acetylacetonato (includes L with w=l). 
B. Activator Compound of the Metallocene Catalyst 

Compounds useful as an activator component in the preparation of the 

20 catalyst component of the catalyst system of this invention comprise a cation, 
which is preferably but not necessarily a Bronsted acid generally capable of 
donating a proton, and a compatible noncoordinating anion containing a single 
coordination complex comprising a charge-bearing metal or metalloid core, which 
anion is relatively large (bulky), capable of stabilizing the active catalyst species 

25 (the Group 4 transition metal cation) which is formed when the metallocene and 
activator compounds are combined and said anion is sufficiently labile to be 
displaced by olefinic, diolefinic, ethylenically and acetylenically unsaturated 
substrates or other neutral Lewis bases such as ethers, nitriles and the like. Two 
classes of compatible n on -coordinating anions have been disclosed in U.S. Patent 

30 5,153,157, incorporated by reference in its entirety: 1) anionic coordination 
complexes comprising a plurality of radicals covalently coordinated to and 
shielding a central charge-bearing metal or metalloid core, and, 2) anions 
comprising a plurality of boron atoms such as polyhedral boranes, carboranes, and 
metallacarboranes. 

35 In one embodiment, the activator compounds useful in the preparation of 
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the catalysts may be represented by the following general formula: 
[(L'-H) + ]d[(M , )m + QlQ2.-Qn] d - 

wherein: 

H is a hydrogen atom; 
5 [L'-H] is a Bronsted acid; 

M* is a metal or metalloid; 

each Q is, independently, a hydride radical, hydrocarbyl radical, substituted- 
hydrocarbyl radical, halocarbyl radical, substituted-halocarbyl radical, hydrocarbyl- 
substituted organometalloid radical, halocarbyl-substituted organometalloid radical, 
10 disubstituted pnictogen radical, substituted chalcogen radical, and any one, but not 
more than one of Qi to Q n a halogen radical; 

m is an integer representing the formal valence charge of M'; and 

n is the total number of ligands Q. 

As indicated above, any metal or metalloid capable of forming an anionic 
15 complex which is stable in water may be used or contained in the anion of the 
second compound. Suitable metals include, but are not limited to, aluminum, gold, 
platinum and the like. Suitable metalloids include, but are not limited to, boron, 
phosphorus, silicon and the like. Compounds containing anions which comprise 
coordination complexes containing a single metal or metalloid atom are, of course, 
20 well known and many, particularly such compounds containing a single boron atom 
in the anion portion, are available commercially. In light of this, salts containing 
anions comprising a coordination complex containing a single boron atom are 
preferred. 

The preferred activator compounds comprising boron may be represented 
25 by the following general formula: 

[L'-H] + [BAriAr2X3X4]- 

wherein: 

[L'-H] is as defined previously; 
B is boron in a valence state of 3; 
30 Arj and Ar2 are the same or different unsubstituted or substituted-aromatic 

hydrocarbon radicals containing from about 6 to about 20 carbon atoms and may 
be linked to each other through a stable bridging group; and 

X3 and X4 are, independently, hydride radicals, hydrocarbyl and 
substituted-hydrocarbyl radicals, halocarbyl and substituted-halocarbyl radicals, 
35 hydrocarbyl- and halocarbyl-substituted organometalloid radicals, disubstituted 
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pnictogen radicals, substituted chalcogen radicals and halide radicals, with the 
proviso that X3 and X4 will not be halide at the same time. 

In general, An and Ar2 may be, independently, any unsubstituted or 
substituted-aromatic hydrocarbon radical. Suitable aromatic radicals include, but 

5 are not limited to, naphthyl and anthracenyl radicals. Suitable substituents on the 
substituted-aromatic hydrocarbon radicals, include, but are not necessarily limited 
to, hydrocarbyl radicals, organo metalloid radicals, alkoxy and aryloxy radicals, 
alkylamido radicals, fluorocarbyl and fluorohydrocarbyl radicals and the like such 
as those useful as X3 and X4. The substituent may be ortho, meta or para, relative 

10 to the carbon atoms bonded to the boron atom. When either or both X3 and X4 
are a hydrocarbyl radical, each may be the same or a different aromatic or 
substituted-aromatic radical as are An and Ar2, or the same may be a straight or 
branched alkyl, alkenyl or alkynyl radical, a cyclic hydrocarbon radical or an alkyl- 
substituted cyclic hydrocarbon radical. X3 and X4 may also, independently be 

15 alkoxy or dialkylamido radicals wherein the alkyl portion of said alkoxy and 
dialkylamido radicals, hydrocarbyl radicals and organometalloid radicals and the 
like. As indicated above, An and Ar9 could be linked to either X3 or X4. Finally, 
X3 and X4 may also be linked to each other through a suitable bridging group. 

Illustrative, but non-limiting, examples of boron compounds which may be 

20 used as an activator component in the preparation of the improved catalysts of this 
invention are trialkyl-substituted ammonium salts such as triethylammonium 
tetra(phenyl)boron, tripropyl-ammonium tetra(phenyl)boron, tri(n-butyl)ammonium 
tetra(phenyl)boron, trimethylammonium tetra(p-tolyl)boron, trimethylammonium 
tetra(o-tolyl)boron, tributylammonium tetra(pentafluorophenyl)boron, tripropylam- 

25 monium tetra(o,p-dimethylphenyl)boron, tributylammonium tetra(m,m- 
dimethylphenyl)boron, tributylammoniumtetra(p-tri-fluoromethylphenyl)boron, 
tri(n-butyl)ammonium tetra(o-tolyl)boron and the like; N,N-dialkyl anilinium salts 
such as N,N-dimethyl-anilinium tetra(pentafluorophenyl)boron, N,N-di- 
ethylanilinium tetra(phenyl)boron, N,N-2,4,5-pentamethylanilinium 

30 tetra(phenyl)boron and the like; dialkyl ammonium salts such as di(i- 
propyl)ammonium tetra(pentafluorophenyl)boron, dicyclohexylammonium 
tetra(phenyl)boron and the like; and triaryl phosphonium salts such as 
triphenylphosphonium tetra(phenyl)boron, tri(methylphenyl)phosphonium 
tetra(phenyl)boron, tri(dimethylphenyl)phosphonium tetra(phenyl)boron and the 

35 like. 
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Similar lists of suitable compounds containing other metals and metalloids 
which are useful as activator components may be made, but such lists are not 
deemed necessary for complete disclosure. In this regard, it should be noted that 
the foregoing list is not intended to be exhaustive. Other useful boron compounds 
5 as well as useful compounds containing other metals or metalloids would be readily 
apparent to those skilled in the art from the foregoing general formulae. 
C. Group 13 Element Compound 

Group 13 additive compounds suitable for use in catalyst systems of the 
invention are represented by the following general formula: 



(Hi) R 

15 R' 



R» 



wherein; 

A is a Group 13 element; 

each R, R' and R" is a straight or branched C\_20 chain hydrocarbyl radical 
20 which may include alky! radicals, a C4_20 cyclic hydrocarbyl radical, an C3_20 
alkyl-substituted cyclohydrocarbyl radical, a substituted or unsubstituted C2-20 
aromatic radical or an alkyl-substituted radical. R" may also be an C[_20 alkoxide 
radical. 

Illustrative, but non-limiting, examples of Group 13 element compounds 
25 which are suitable are: when A is aluminum (Al) the trialkyl or trihydrocarbyl 
aluminums such as trimethyl aluminum, triethyl aluminum, tri-n-propyl aluminum, 
tri-isopropyl aluminum, tri-n-butyl aluminum, tri-sec-butyl aluminum, tri-t-buty! 
aluminum, tri-isobutyl ■ aluminum, tri-n-pentyl aluminum, tri-isopentyl aluminum, 
tri-neopentyl aluminum, tricyclopentyl aluminum, tri-n-hexyl aluminum, tri-n-octyl 
30 aluminum, tri-(4-methylpentyI) aluminum, tri(isoprenyl)aluminum, tri-(3- 
methylpentyl) aluminum, tricyclohexyl aluminum, and the like; alkyl aluminums 
such as dimethylethyl aluminum, methyldiethyl aluminum, ethyldtmethyl aluminum, 
dimethyl-n-propyl aluminum, methyldi-n-propyl aluminum, dimethyiisopropyl 
aluminum, dimethylcyclohexyl aluminum, methylethylpropyl aluminum, and the 
35 like; aryl and alkyl-substituted aluminums, such as triphenyl aluminum, tri-p-tolyl 
aluminum, tri-m-tolyl aluminum, tri-p-ethyl aluminum, and the like. Also suitable 
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are aluminum alkoxides and aryloxides such as dimethyl aluminum methoxide, 
dimethyl aluminum ethoxide, diethyl aluminum ethoxide, diethyl aluminum 
isopropoxide, methyl ethyl aluminum methoxide, dimethyl aluminum 4- 
methylphenoxide, dimethyl aluminum 3-methylphenoxide, dimethyl aluminum 2,6- 
5 diisopropylphenoxide, dimethyl aluminum 2,6-di-t-butyl-4-methylphenoxide, and 
the like. 

A similar list of illustrative Group 13 element compounds when A is boron 
could be made for the trialkyl boranes, alkyl boranes, and alkyl borane alkoxides. 
Also a similar list could be given for the analogous compounds of gallium and 
10 indium, although the gallium and indium analogies are less preferred. Such list 
would be nearly identical to that already presented with respect to the aluminum 
species of Group 13 element compounds and therefore such listing of the borane 
analogies and other Group 13 elements are not deemed necessary to a complete 
disclosure. 

15 Choice of Mono CCp) Transition Metal-Activator Pairs 

In general, and while most transition metals identified above may be 
combined with most activators identified above to produce an active olefin 
polymerization catalyst, it is important to continued polymerization operations that 
either a metal cation initially formed from the mono (Cp) transition metal or a 

20 decomposition product thereof be a relatively stable catalyst. It is also important 
that the anion of the activator be stable to hydrolysis when an ammonium salt is 
used. Further, it is important that the acidity of the activator is sufficient, relative to 
the transition metal to facilitate a reaction between a ligand of the metal (or first 
component) with the cation of the activator (or second component) species. 

25 Activator compounds containing aryl-ammonium salts such as N,N- 
dimethylanilinium are more acidic than trialkyl ammonium salts and therefore are 
more useful with a wider range of transition-metal compounds. 

With respect to the combination of transition metals with activators to form 
the catalyst component of this invention, it should be noted that the two 

30 compounds combined for preparation of the active catalyst must be selected to 
avoid transfer of a fragment of the anion, particularly an aryl group, to the metal 
cation. Such a transfer could form a catalytically inactive species. This could be 
accomplished through steric hindrance, resulting from substitutions on the 
cyclopentadienyl carbon atoms as well as substitutions on -the aromatic carbon 

35 atoms of the anion. It follows, then, that mono (Cp) transition metals comprising 
perhydrocarbyl-substituted cyclopentadienyl radicals could be effectively used with 
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a broader range of activators than could components comprising unsubstituted 
cyclopentadienyl radicals. As the amount and size of the substitutions on the 
cyclopentadienyl radicals are reduced, however, more effective catalysts are 
obtained with activators containing anions which are more resistant to degradation, 
5 such as those with substituents on the ortho positions of the phenyl rings. Another 
means of rendering the anion more resistant to degradation is afforded by fluorine 
substitution, especially perfluoro substitution, in the anion. Fluoro-substituted 
stabilizing anions of the type [B(C6F5)4]- or [B(C6F5)3Q]-, wherein Q is a 
monoanionic non-bridging hydride, hydrocarbyl, substituted-hydrocarbyl, 

10 halocarbyl, substituted-halocarbyl, hydrocarbyl- or halocarbyl-substituted 
organometalloid, substituted pnictogen or chalcogen, or halogen radical may, then, 
be used with a broader range of metallocenes. 

The catalyst system of the present invention may be placed on a support in 
accordance with that described in copending application US Serial No. 459,921 

15 and its continuation in part application serial number 926,006 filed August 5, 1992 
which describe the most preferred embodiments of the support procedure. US 
patent applications 459,921 and 926,006 are herein incorporated by reference in 
their entirety. 
Polymerization Process 

20 In an embodiment of the present invention, a Group 4 transition metal 

compound containing a substituted or unsubstituted mono(cyclopentadienyl) 
radical and a heteroatom radical made in accordance with WO 92/00333 one or 
two lower alky] substituents and/or one or two hydride substituents will be 
combined with a trisubstituted ammonium salt of either a substituted or 

25 unsubstituted tetra(aromatic)boron. Each of the trisubstitutions in the ammonium 
cation will be the same or a different lower alkyl or aryl radical. Substituted anions 
are preferred as anions in the trisubstituted ammonium salts, particularly, 
pentafluorosubstituted anions. N,N-dimethylanilinium tetra(fluorophenyl)boron is 
particularly preferred. 

30 Any solvent or diluent previously described as suitable for preparing the 

ionic mono (Cp) transitionb metal catalyst component is also suitable as a 
polymerization diluent for preparing catalyst systems of the invention. Techniques 
or conditions for polymerization of monomers with the present catalyst system 
include high pressure, liquid, solution, bulk phase, slurry, and gas phase 

35 polymerization procedures. 



WO 94/07927 PCT/US93/09529 

- 14 - 

While the ionic mono (Cp) catalyst systems do not contain pyrophoric 
species, it is nevertheless preferred that the catalyst components be handled in an 
inert, moisture-free, oxygen-free environment such as argon, nitrogen, or helium 
because of the sensitivity of the catalyst components to moisture and oxygen. The 
5 Group 13 element compounds must also be handled in a similar manner. 

A preferred process for polymerizing monomers comprises: 

(a) contacting ethylene, other alpha-blefins, cyclic olefins, ethylenically 

unsaturated non-cyclic non-conjugated poly-enes, cyclic non- 
conjugated poly-enes, acetylenically unsaturated monomers, or 
10 mixtures thereof with the catalyst system as described herein, 

(b) maintaining the contacting step of (a) for a sufficient time, and 

under conditions sufficient to polymerize monomers; and 

(c) recovering polymer product. 

Alternatively, the transition metal and activator components are combined 

15 in a first step in an aromatic solvent to produce a solution of the ionic catalyst. This 
reaction may be carried out in the temperature range of about -100°C to about 300 
°C, preferably about 0°C to about 100°C. Holding times to allow for the 
completion of the reaction may range from about 10 seconds to about 60 minutes 
depending upon variables such as reaction temperature and choice of reactants. 

20 Once the ionic catalyst component is formed, the order or method of 

addition of the Group 13 element compound to the polymerization diluent with 
ionic catalyst is not critical. The catalyst system may be formed by: 1) First adding 
the Group 13 element compound to the polymerization diluent followed by 
addition of the ionic catalyst; 2) direct addition of the Group 13 element compound 

25 to a solution of ionic catalyst after which the common solution is added to a 
polymerization diluent; or 3) a portion of the Group 13 element compound may be 
added to a liquid monomer and supplied to the polymerization diluent containing 
ionic catalyst as the liquid monomer is supplied to the diluent. When a liquid 
monomer is used in the polymerization process, it is preferred to add the Group 13 

30 element compound to the liquid monomer. The additive may be added neat or as a 
solution in a suitable hydrocarbon solvent, preferably an aliphatic or aromatic 
solvent. 

Compared to an ionic mono (Cp) catalyst in a polymerization diluent from 
which a Group 13 element compound is absent, the use of too great an amount of 
35 Group 13 element compound in forming a catalyst system of the invention will 
suppress the productivity of the ionic mono (Cp) catalyst component. On the other 
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hand, the use of too small an amount of Group 13 element compound will not 
produce an enhancement in productivity of the ionic mono (Cp) catalyst system. 
The optimum amount of Group 13 element compound for use in producing catalyst 
systems of the invention is dependent, in part upon the amount of Lewis base 
5 impurities contained in the polymerization diluent and/or monomers used in 
polymerization. In a typical polymerization process, it is expected that the optimum 
amount of Group 13 element compound to be added to obtain a catalyst system of 
maximum productivity will amount to a mole ratio of Group 13 element compound 
to activator compound of from about 1:1 to about 200:1, preferably 15:1 to 150:1. 
10 The preferred ratio of activator to transition metal component is from about 1 : 1 to 
about 20:1. 

For a given polymerization process, the optimum amount of Gr.oup 13 
element compound to be added to a polymerization diluent in which an ionic mono 
(Cp) catalyst component is present for forming a catalyst system of enhanced 

15 activity may readily be determined by monitoring the level of monomer 
consumption while adding the Group 13 element compound to the polymerization 
diluent until an amount of Group 13 element compound has been added which 
maximizes the rate at which the monitored monomer is consumed by the 
polymerization reaction. Alternatively, a portion of the Group 13 element 

20 compound is first added to the polymerization diluent after which the ionic mono 
(Cp) catalyst is added and polymerization is initiated and the rate of monomer 
consumption is monitored. Then, while polymerization is ongoing, an additional 
quantity of the Group 13 element compound is added and the consumption is 
observed. It should, however, be borne in mind that the objective of adding the 

25 additive is to neutralize impurities such as water or oxygen so that the level of 
additive addition should also be proportioned to the level of impurities present. 
Thus, it may be advantageous to pretreat a monomer having a relatively high level 
of such impurities with the additive before the monomer is brought into contact 
with the catalyst system. 

30 The value of the Group 13 additive compound is selected to suit the 

catalyst, to gain optimum effect. Thus if the catalyst is one where the heteroatom 
(J) group or the bridging (T) group does not carry bulky substituents, then it is 
preferred to employ as Group 13 additive compound (a) a boron compound (which 
in general is less acidic and hence less interactive with the'transition metal than 

35 aluminum compounds); or an aluminum compound which carries at least one 
substituent which is bulky. The bulky substituents serve to prevent, sterically, the 
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additive metal eg. aluminum, from interacting with, and hence deactivating, the 
transition metal catalyst site. Preferably the Group 13 additive compound contains 
at least one C4 - C20 substituent, especially where the Group 13 element is 
aluminum and the catalyst transition metal is not "protected" by bulky substituents 
5 in the transition metal compound. Preferably, when the Group 13 compound 
contains a C4 substituents, it is branched. 

As an example of of a catalyst system to avoid for optimum effect, when 
said Group 4 transition metal is Ti and said mono cyclopentadienyl ligand or 
polycyclic derivative is bridged to said Group 15 or 16 heteroatom with a dimethyl 

10 silyl radical and said Group 15 or 16 heteroatom further contains a tertiary-butyl 
substituent, said Group 13 organo compound excludes either of trimethyl or 
triethyl aluminum. The lower carbon number substituents of the aluminum organo 
compound and the heteroatom component are insufficiently bulky to effectively 
inhibit the interaction of the additive compound with the transition metal catalyst 

15 site. 

In the case where the heteroatom (J) group on the transition metal of the 
catalyst compound is substituted with a 3° carbon atom, the bulkiness of the Group 
13 compound substituents becomes less important. However with 1° and 2° 
substituents, the nature of the additive substituent size takes a greater importance 

20 for overall performance of the catalyst system. With specific reference to catalyst 
of formula (I) or (II), and Group 13 compounds of formula (III), it is preferred, 
especially when A is aluminum, that one or more of R, R\ and R" are C4.20 
groups, when S' contains a primary or secondary carbon atom bonded directly to J. 
Most preferably, in the case of one or more of R, R' and R" being a C4 radical, said 

25 radical is branched. More expressly, mono Cp heteroatom containing transition 
metal compounds which comprise the catalyst component of the inventive catalyst 
system and which have bulky substituents on the hetero eg. amido groups, such as 
t-butyl, will polymerize monomers with enhanced productivity when employing any 
trialkyl aluminum or boron additive. However, mono Cp components with less 

30 bulky substituents are more effective with additives such as tri-isobutylaluminum 
(TiBAL), tri-n-octylatuminum (TNOA), tri-n-hexylaluminum (TNHA) than any 
with less bulky additives such as trimethylaluminum (TMA) or triethyl aluminum. 
Further, with the smaller molecular diameter titanium (and thus more reactive) as 
the transition metal, even with t-butyl as the substituent on J, a trialkyl aluminum 

35 additive compound will preferably have at least one substituent that is larger than 
an ethyl group (>C2), most preferably at least t-butyl. 
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In general, the catalyst systems of this invention will polymerize olefins, 
diolefins and/or ethylenically or acetylenically unsaturated monomers either alone 
or in combination with other olefins and/or other unsaturated monomers at 
conditions well known in the prior art for conventional Ziegler-Natta catalysts. 
5 Monomers which may be utilized in practice of the process include 

ethylene, other alpha-olefins, diolefins, cyclic olefins, ethylenically unsaturated non- 
cyclic non-conjugated polyenes, cyclic non-conjugated polymers, acetylenically 
unsaturated monomers, or combinations thereof, unsaturated hydrocarbons 
containing from about 2 to about 1 8 carbon atoms. Such monomers include cyclic 

10 and acyclic hydrocarbons, and straight or branched chain hydrocarbons. 
Illustrative, but non-limiting, of suitable monomers are: ethylene, propylene, 
butene-1, pentene-1, hexene-1, octene-1, decene-1, 2-methyl-propene-l, 3- 
methylbutene- 1 , 2-methylbutene- 1 , 3-methylpentene-l, 4-methylpentene-l, 1,3- 
butadiene, 1,4-pentadiene, 1,5-hexadiene, 1,4-hexadiene, cyclopentene, 

15 cyclohexene, cycloheptene, propyne, butadyne, styrene, and 1,4-dihexyne. 
Ethylene containing polymers in particular can be made with catalyst activities 
greater than 30 kg PE/mol activatior • hr ■ atmos. 

In a most preferred embodiment of the present invention, a dimethyl Group 
4 transition metal compound ~ containing one tetramethylcyclopentadienyl radical 

20 and an alkyl amido radical, the two radicals covalently bonded and bridged through 
a silylalkylene group — is reacted with N,N-dimethylanilinium 
tetra(pentafluorophenyl)boron to produce the most preferred ionic catalyst. The 
transition metal and activator components are combined at a temperature within 
the range from about 0°C to about 300°C, more preferably at from about 25° to 

25 100°C, and at a pressure within the range from about 15 to about 500 psig. In a 
most preferred embodiment of the present invention, the most preferred catalyst 
system is used either to homopolymerize ethylene or to copolymerize ethylene with 
a lower alpha-olefin having from 3 to 6 carbon atoms, thereby yielding a plastic or 
an elastomeric copolymer. In both preferred process embodiments, the monomers 

30 are maintained at polymerization conditions for a nominal holding time within the 
range from about 1 to about 60 minutes and the system is within the range from 
about 10~6 to about 10"^ moles of transition metal per liter of polymerization 
diluent, while a mole ratio of the Group 13 element compound to activator 
compound employed is maintained at from about 15:1 to about 150:1. 

35 The use of the invention catalyst system which includes an appropriately 

selected additive for neutralizing impurities may result in an improvement of from 
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20 to 400% or more in ionic metallocene catalyst productivity over the ionic 
catalyst without the additive. 

In general, catalyst systems can be tailored so as to produce polymer 
products which will be substantially free of certain trace metals generally found in 

5 polymers produced with Ziegler-Natta type catalysts such as aluminum, 
magnesium, chloride and the like. Thus, for instance, the level of impurities may be 
monitored continuously and the rate of additive injection may be controlled to 
provide only that quantity of additive necessary to protect the catalyst sites from 
deactivation and not such an excess of additive so as to impair product quality or 

10 necessitate further processing to purify the polymer product. The polymer 
products produced with the catalyst system of the present invention or those as 
described in US 5,153,157 have a broader range of applications than polymers 
produced with either the more conventional Ziegler-Natta type catalysts 
comprising a metal alkyl, such as an aluminum alkyl, or the metallocene-alumoxane 

15 catalysts which typically require an excess of the alumoxane catalyst. 

The following examples serve to illustrate the invention and some of its 
advantages and are not intended to limit the scope of the invention as disclosed 
above or claimed hereafter. 

20 EXAMPLES 
Example 1 

Ethylene was polymerized in a hexane diluent by adding dry, oxygen-free 
hexane (400 ml) to a 1 -liter stainless steel autoclave which had been previously 
flushed with nitrogen. Under nitrogen, a hexane solution (20 ml) containing 0.2 

25 mmoles of triethylaluminum was transferred into the autoclave by means of a 
double-ended needle followed by a solution of methylphenylsilyl (t- 
butylamido)tetramethylcyclopentadienylhafnium dimethyl (20 mg) and N,N- 
dimethylanilinium tetrakis(pentafluorophenyl)boron (5 mg) in toluene (10 ml). The 
solution in the autoclave was heated to 40°C and stirred under 90 psi of ethylene. 

30 After two hours, the autoclave was vented and opened. The yield of polyethylene 
was 63.3 g. 

Example 2 f Comparative) 

Ethylene was polymerized using the same catalyst components, solvents 
and equipment, and substantially the same concentrations, temperatures, and 
35 pressures as in Example 1 with the exception that no triethylaluminum was used. 
Polymerization was discontinued after 35 minutes, when it was apparent that 
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substantially no polymerization reaction was taking place. This was in contrast to 
Example 1 wherein polymerization commenced almost at once. The yield of 
polyethylene was 0.7 g. 
Example 3 

5 An ionic catalyst was prepared by dissolving 50 ml of dimethylsilyl 

(cyclododecylamido)tetramethylcyclopentadienyltitanium dimethyl and 25 mg N,N- 
dimethylanilinium tetrakis(pentafluorophenyl)boron in 10 ml toluene. Dry, oxygen- 
free hexane (400 ml) was added to a 1 liter stainless steel autoclave which had been 
previously flushed with nitrogen. Under nitrogen, a hexane solution (2 ml) 

10 containing 0.25% triisoprenyl aluminum was transferred into the autoclave by 
means of a double-ended needle, followed by 4 ml of the catalyst solution. The 
ratio of titanium containing catalyst to boron containing activator was 3.7. The 
solution in the autoclave was heated to 80°C and 4.42 atmospheres of ethylene 
(.228 moles) were introduced. Polymerization was carried out for 0.1 hours, after 

15 which time the autoclave was vented and opened. The yield of polyethylene was 
2.1 grams. This corresponds to productivity of 61 kg polymer/mole activator 
atmosphere hour, or 269 kg polymer/mole activator hour. 
Example 4 

Example 3 was repeated, except that 23 ml of activator were used (thus 
20 catalyst: activator mole ratio is 4.0), and the polymerization was carried out for 
0.12 hours. The yield of polyethylene was 2.5 grams, which corresponds to 67 kg 
polymer/mole activator atmosphere hours, or 298 kg polymer/mole activator hour. 
Example 5 

Example 4 was repeated, except that no scavenging additive 
25 (triisoprenyl aluminum) was introduced into the reactor, and the polymerization 
reaction was carried out for 0.4 hours. The yield of polyethylene was 7.2 grams, 
corresponding to 57 kg polymer/mole activator atmosphere hours or 251 kg 
polymer/mole activator hours. 
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Example 6 

N, N-dimethylanilinium tetrakis (pentafluorophenyl) boron (31mg) and 
dimethylsily (tetramethylcyclopentadienyl) (cyclododecylamido) titanium dimethyl 
(50 mg) were reacted in toluene (10 ml). A portion of this solution (2 ml) was 
5 added to a 1 L stain I ess- steel autoclave which was previously flushed with nitrogen 
and which contained dry, deoxygenated hexane (400 ml) and triethylaluminum (2 
ml of 5% solution in heptane). The autoclave was heated to 40°C and ethylene 
(4.55 bar) added. After 10 minutes, the autoclave was cooled and vented and the 
polymer product collected. The yield of polyethylene was 4.9 g (catalyst activity 

10 of 34 kg PE/mol activator • hr • atom). 

Examples 1 and 2 demonstrate the major effect that addition of a 
scavenging additive in a catalyst system according to the invention has,, on the 
productivity of the catalyst system. Similarly, examples 3-5 demonstrate that the 
use of the scavenging additive leads to an improvement in productivity of the 

15 catalyst system. Selection of the scavenging additive in association with the nature 
of the catalyst and the activator, will enable productivities to be adjusted, 
depending on the amounts of impurities which are otherwise in the system. 

Example 6 illustrates the effective use of a lower carbon number 
alklaluminum as scavenging additive for a mono-(Cp) titanium catalyst system 

20 where at least one substituent, here on the heteroatom, is more bulky than a C4- 
alkyl substituent. 

The invention has been described with reference to its preferred 
embodiments. Those of skill in the art may appreciate from the description 
changes and modification which may be made which do not depart from the scope 
25 and spirit of the invention as described above and claimed hereafter. 
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CLAIMS: 



1. A catalyst system comprising: 
(a) a cation comprising: 
5 (1) a Group 4 transition metal, 

(2) a mono cyclopentadienyl ligand or polycyclic derivative 
thereof bonded to the Group 4 transition metal atom, 

(3) one Group 15 or 16 heteroatom ligand, and 

(4) at least one other ligand; 

10 (b) a non-coordinating anion of a Bronsted acid salt; 

(c) a Group 1 3 organo compound; 

wherein, when said Group 4 transition metal is Ti and said mono 
cyclopentadienyl ligand or polycyclic derivative is bridged to said Group 15 or 16 
heteroatom with a dimethyl silyl radical and said Group 15 or 16 heteroatom 
15 further contains a tertiary-butyl substituent, said Group 13 organo compound 
excludes either of trimethyl or triethyl aluminum. 

2. A catalyst system comprising: 
(a) a reaction product of 
20 (i) at least one transition metal compound represented by 

either: 



25 



30 



(I) 




( J S'z-l- y ) 



or 



WO 94/07927 



5 



10 



15 



20 



25 



30 



PCT/US93/09529 



-22- 




where: 

M is the same or different Group 4 transition 

metal; 

(C5H5_y_ x S x ) is a cyclopentadienyl ring, or 
derivative thereof with from 0 to 5 substituents S; 

x is an integer from 1 to 5 dependent upon 
the degree of substitution; 

each S substituent is, independently a radical 
group selected from hydrocarbyl, substituted 
hydrocarbyl, hydrocarbyl -substituted 

organometalloid, halocarbyl-substituted 
organometalloid radical, disubstituted boron, 
di substituted pnictogen, substituted chalcogen, 
halogen, or combinations thereof; any two adjacent 
S groups may be joined forming a ring of from 4 to 
20 carbon atoms yielding a saturated or unsaturated 
poiycyclic cyclopentadienyl ring ligand; 

each (JS' z _i_y) is a heteroatom ligand in 
which J is an element from Group 1 5 of the Periodic 
Table of Elements with a coordination number of 3 
or an element from Group 16 with a coordination 
number of 2; each S' is a radical group selected from 
hydrocarbyl, substituted hydrocarbyl, hydrocarbyl- 
substituted organometalloid, or halocarbyl- 
substituted organometalloid radical, any of which 
may be cyclic or non-cyclic; and z is the coordination 
number of the element J; 
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each Xj or X 2 , is a hydride radical, 
hydrocarbyl radical, substituted-hydrocarbyl radical, 
or hydrocarbyl-substituted organometalloid radical, 
or both Xj and X2 are joined and bound to the metal 
atom to form a metallacycle ring containing from 
about 3 to about 20 carbon atoms; 

y is 0 or 1; when y is 1, T is a covalent 
bridging group containing a Group 14 or 15 element; 

L is a neutral Lewis base and w is an integer 
from 0 to 3; 
at least one activator represented by: 
Oil) [(L'-H)+]d[(M , )m+Q' 1 Q' 2 ...Q- n ]d- or 
(IV) [L'-H]+[BAriAr 2 X3X4]- , 
wherein: 

[L'-H] is a Bronsted acid; 

M' is a metal or metalloid; 

each Q' is a hydride radical, substituted- 
hydrocarbyl radical, halocarbyl radical, substituted- 
halocarbyl radical, hydrocarbyl-substituted 
organometalloid radical, disubstituted pnictogen 
radical, substituted chalcogen radical, and halogen 
radical, any one, but not more than one of Qj to Q n 
a halogen radical; m is an integer representing the 
formal valence of M'; 

n is the total number of iigands Q' 

B is boron in a valence state of +3; 

Arj and Ar 2 are the same or different 
aromatic hydrocarbyl radicals which may be linked 
through a stable bridging group; 

X3 and X4 are hydride radicals, hydrocarbyl 
and substituted-hydrocarbyl radicals, hydrocarbyl- 
and halocarbyl-substituted organometalloid radicals, 
disubstituted pnictogen radicals, substituted 
chalcogen radicals and halogen" radicals at least one 
of X3 or X4 not being a halogen; and 
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(b) at least one organometallic additive compound represented by the 
' formula: 




wherein: 

A is a Group 13 element, 

each R, R\ and R" is a straight or branched C\_2Q 
hydrocarbyl radical, C4.20 cyclic hydrocarbyl radical, C3.20 
alkyl-substituted cyclohydrocarbyl radical, substituted or 
unsubstituted C2-2O aromatic radical, or aikyl-substituted 
aromatic radical; and 

R" may also be a Ci_20 alkoxide or aryloxide 

radical. 

The catalyst system of claims I or 2 wherein S' is a group bonded to J 
through a primary or secondary carbon atom and at least one of R, R\ R" is 
a radical having from 4 to 20 carbon atoms. 

The catalyst system of claims 1 or 2 wherein the A of the organometallic 
additive compound is aluminum or boron. 

The catalyst system of claims 1 or 2 wherein the activator is a trisubstituted 
ammonium salt of [B(C 6 F 5 ) 4 r or [B(C 6 F 5 ) 3 X"]-, where X" is a 
monoanionic non-bridging hydride, hydrocarbyl, substituted-hydrocarbyl, 
halocarbyl, substituted-halocarbyl, hydrocarbyl- or halocarbyl-substituted 
organometalloid, substituted pnictogen, chalcogen, or halogen radical. 

The catalyst system of claims 1 or 2 placed on an inert support media. 

The catalyst system of claim 6 prepolymerized. 



PCT/US93/09529 



-25 - 

A process of polymerizing monomers, comprising: 

(a) contacting ethylene, other alpha-olefins, cyclic olefins, ethylenically 
unsaturated non-cyclic non-conjugated poly-enes, cyclic non- 
conjugated poly-enes, acetyl enically unsaturated monomers, or 
mixtures thereof with the catalyst system of claim 1 ; 

(b) maintaining contacting step (a) for a sufficient time, and under 
conditions sufficient to polymerize monomers; and 

(c) recovering polymer product. 

The process of claim 8 wherein monomers comprise, ethylene, propylene, 
4-methyl-l-pentene, hexene, octene, styrene, norbornene, or combinations 
thereof 

The process of claim 9, wherein the catalyst system comprises an activator 
to transition metal compound ratio of from about 1:1 to about 20:1. 

The process of claim 10, wherein the ratio of organ ometallic additive to 
activator is from about 1 : 1 to about 200: 1 . 

The process of claim 8 wherein the contacting step (a) is conducted under 
conditions of high pressure, solution phase, liquid phase, bulk phase, slurry 
phase, or gas phase polymerization conditions. 

A use of the catalyst system of claim 1 in the polymerization of ethylene 
containing polymers for the purpose of achieving catalyst activity greater 
than 30 kg PE/mol activator hr- atoms. 
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